The majority of multiresistant Staphylococcus aureus strains isolated in Australian hospitals since 1970 carry a chromosomally-encoded minocycline and tetracycline resistance determinant. By using DNA-DNA hybridization, some of these multiresistant strains were shown to possess also a tetracycline resistance plasmid, equivalent to pT181, integrated into a unique site in the chromosome. By relating the hybridization data to the map of pT181, the site of integration on this plasmid was established to be between the genes for replication and tetracycline resistance.
I N T R O D U C T I O N
Tetracycline resistance (Tcr) in clinical isolates of Staphylococcus aureus is often mediated by plasmids of approximately 4.4 kb in size (Shafferman et id., 1978; Novick et al., 1980; Groves, 1979) ; the DNA sequence and structural organization of one such plasmid, pT181, has been determined (Khan & Novick, 1983; Novick et al., 1984a) . Tcr encoded by this plasmid is inducible and a 35 kDa protein, similar in size to the inducible 36 kDa TET membrane protein of Escherichia coli (Khan & Novick, 1983) , has been implicated in resistance. A second Tcr determinant has'been detected in S . aureus, which differs from that of pT181 by being chromosomally-encoded, constitutively expressed, and in addition to Tcr confers resistance to the semi-synthetic tetracycline minocycline (Mnr) (Asheshov, 1975 ; Pattee, 1976; Schaeffler et al., 1976) .
In a retrospective analysis of clinical isolates of S . aureus from Australian hospitals, we have established that Tcr was exclusively mediated by a plasmid, indistinguishable from pT18 1, in isolates collected before 1970; however, such a plasmid was only infrequently detected among isolates thereafter, Tcr in the majority of the latter strains being chromosomally encoded (Gillespie et al., 1984 (Gillespie et al., , 1985 . We have now examined some of these chromosomally-encoded Tcr isolates for sequence homology with the Tcr plasmid pT181 in an attempt to establish the evolution of Tcr among methicillin-resistant S . aureus. 
R E S U L T S A N D D I S C U S S I O N
We have previously shown that the Tcr plasmid pSK52 present in S . aureus strains isolated from Melbourne hospitals was indistinguishable, on the basis of limited restriction endonuclease digestion, from the Tcr plasmid pT181 (Gillespie et al., 1985) . Furthermore, we have been unable to differentiate these plasmids by restriction endonuclease analysis with the enzymes HincII, HindIII, HpaII, MboI, TaqI and XbaI, either alone or in various combinations. These results support the notion that pSK52 is identical to pT181, the 4.4 kb prototype Tcr plasmid of S . aureus (Novick et al., 1984a) . The restriction endonuclease map of pT181, on which is indicated the regions for Tcr (tet) and for replication (rePC) (Khan & Novick, 1983) , is shown in Fig. 1 . . The majority (97%) of multiresistant S . aureus isolates collected at two Melbourne hospitals since 1970 had c hromosomally-encoded Tcr. To examine the relationship between plasmid-and chromosomally-encoded Tcr determinants, whole cell DNA of the Tcr strains listed in Table 1 was digested with HaeIII, which cleaves neither pT18 1 nor pSK52, transferred to nitrocellulose and hybridized with 31P-labelled pT181 DNA (Fig. 2) . Labelled pT181 hybridized to itself (Fig. 2b, lane B) and to an 8.2 kb chromosomal HaeIII fragment in each of the isolates SK1700, SK1660, SK1717, SK1734, SK1783, SK460 and SK1589 (Fig. 2b , lanes C-I) but not to any fragment of SK1591 (Fig. 26 , lane J). It should be noted that pT181 also hybridized to the chloramphenicol resistance (Cmr) plasmids harboured by the strains SK1734 (pSK158), SK1783 (pSK55) and SK1589 (pSK2) ( Table 1 ; Fig. 2b , lanes F, G and I, respectively). This was not surprising since all three plasmids, although structurally distinct, are related to the Cmr plasmid pC221 (unpublished data), the replication region of which shares 83 % base sequence homology with repC of pT181 (Brenner & Shaw, 1985; Projan et al., 1985) .
To ascertain whether the chromosome carried only the Tcr determinant, or a greater part of (Khan & Novick, 1983) , and the site of integration (int). pT181, 32P-labelled pT181 was hybridized to HindIII-digested whole cell DNA from the Tcr strains in Table 1 (Fig. 3) . Labelled pT 18 1 hybridized to three chromosomal HindIII fragments of all seven strains that showed pT181 sequence homology in the experiment described in Fig. 2 , Two of the chromosomal fragments were of identical electrophoretic mobility to the HindIII B (1525 bp) and C (560 bp) fragments of pT181 (Khan & Novick, 1983 ; Fig. 3b ), whereas the third chromosomal band, of approximately 2400 bp, was some 50 bp larger than the HindIII A (2352 bp) fragment of pT181. The results provide strong evidence that an entire Tcr plasmid, closely lelated or identical to pT181, has integrated into the S . aureus chromosome. Since chromosomal fragments equivalent in size to the HindIII B and C fragments of pT18 1 were conserved, but no fragment equivalent to the HindIII A fragment was present, we suggest the site of integration (int) of the Tcr plasmid into the chromosome must be contained within the latter (Fig. 1) . Furthermore, int must be in proximity to a HindIII recognition sequence, since only three chromosomal fragments with pT18 1 sequence homology were detected; clearly, if int was located nearer the mid-point of the HindIII A fragment, four chromosomal fragments with pTl8 1 sequence homology would have been visualized. Fragments, other than those described above, which showed sequence homology with pT18 1 in Fig. 3 6 (lanes F, G and I) resulted once again from hybridization of pT181 sequences to the Cmr plasmids harboured by these strains. A more precise location of int was determined by hybridizing TaqI-digested whole cell D N A with pT181; the result from one such experiment with DNA from strain SIC1660 is shown in Fig.  3c (lane A) . SIC1660 DNA possessed TaqI fragments homologous to, and of the same size as, TaqI fragments A and B (1 568 and 1566 bp, respectively; seen as a single band), C (654 bp) and E (201 bp) of pT181 (Fig. 3c, lane B) ; however, in place of the TaqI D fragment (385 bp) an 850 bp fragment with pT181 homology was detected.
The TaqI D fragment, altered in the chromosomally-inserted Tcr plasmid, is contained within the HindIII A fragment of pT181, and spans the end of the repC, and the start of the tet openreading frames (Khan & Novick, 1983;  Fig. 1 ). Thus, in? must lie within the TaqI D fragment and we suggest that chromosomal integration of a pT181-like plasmid has occurred in these methicillin-resistant strains of S. aureus within a sequence of 155 bp located between the C-terminal sequences of repC and the control region of tet (Khan & Novick, 1983;  Fig. 1 ). At this stage we cannot distinguish between the alternatives that int is a single site or is made up of two separate sites within the TaqI D fragment. If the latter is the case, then one might expect integration to result in a deletion of part of the TaqI D fragment of pT18 1, which in turn would lead to chromosomal TaqI fragments with limited sequence homology to the pT181 TaqI D fragment. One such fragment may well be the new 850 bp TaqI fragment (Fig. 3c, lane A) , which bound less 32P-labelled pT181 DNA than the bands either above or below it.
Tcr plasmids of S . aureus, including pT181, have been reported to recombine with phage S1 (Inoue & Mitsuhashi, 1976) and with compatible staphylococcal plasmids such as the Cmr plasmid pC194, the erythromycin resistance plasmid pE 194 and the kanamycin resistance plasmid PUB110 (Novick et al., 1981 (Novick et al., , 1984b . In the case of pT181, these cointegrates were formed at specific recombination sites designated RS, and RSs (Novick et al., 1984b) ; the int site we have proposed does not correspond in location to either of these RS sites on pT181 nor does it appear to be equivalent to any of the cross-over junctions detected on recombinants formed between pT181 and pC221 (Projan et al., 1985) .
In addition to Tcr, all strains examined were resistant to minocycline ( Table 1 ). The plasmidborne, inducible Tcf determinant, such as that of pT181, does not confer Mnr, whereas a previously reported, constitutively expressed, chromosomal Tcr determinant does (Asheshov, 1975; Pattee, 1976; Schaeffler et al., 1976) . This MnrTcr determinant, designated tmn-3106, has been mapped on the S . aureus chromosome (Pattee, 19176) and may well be responsible for MnfTcf in all the isolates examined in this study. If this is the case, the isolate SK1591, which does not possess sequences homologous with pT18 1, carries only this Mnr Tc' determinant ; the remaining isolates, which showed sequence homology .with pT18 1, would then possess two independent and unrelated Tcf determinants, viz. tmn-3106, mediating Mnr Tcr, and the Mns Tcr determinant of pT18 1. Asheshov (1975) has described the transduction of Tcr from the MnrTcr S . aureus strain 3490 to Ps47 in which transductants of Ps47 were either Mn' or Mns. One such MnsTcr transductant of strain Ps47 has been analysed further and the Tc' determinant mapped on.the S . aureus chromosome at a position designated tet-3490, which is distinct from the Mnr Tcr-encoding locus tmn-3106 (Stahl & Pattee, 1983a, b) . Although plasmid analysis of neither the donor strain 3490 nor the recipient Ps47 has been reported, it is conceivable that tet-3490 may have resulted from the integration of a Tcr plasmid, such as pT181, into the S . aureus chromosome during transduction. The chromosomally-integrated Tcf plasmid which we have detected in these methicillin-resistant S . aureus strains, and which appears largely identical to the plasmid pSK52/pT181 that existed in an autonomous state in Australian strains isolated before 1970 (Gillespie et al., 1984 (Gillespie et al., , 1985 , may also be equivalent to the tet-3490 locus. That integration has occurred at a unique site on the chromosome, either once or on a number of occasions during the evolution of multiresistant S . aureus strains, is supported by our detection of a common-sized HaeIII fragment with pT181 homology (Fig. 2 ) in these clinical isolates, which were collected over a seven year period.
We have previously reported the persistence of antibiotic resistance determinants in S . aureus and the accrual of some of these by the chromosome (Ciillespie et al., 1984, 1985) . There are examples where the latter process has occurred via transposition of a specific determinant, such as in the case of the gentamicin resistance transposon Tn4001 (Lyon et al., 1984b; unpublished data) , whereas this study clearly demonstrates the integration of an entire plasmid encoding Tcr into the S . aureus chromosome. Such ability to sequester these antibiotic resistance determinants, by either legitimate or illegitimate recombinational processes, to evolve a multiresistant chromosome may ultimately result in a reduced biological load, which in turn may enhance the survival of S . aureus in adverse conditions. 
